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1. Introduction
This document provides a summary of the simulation results submitted to RAN1#80bis for the “Physical Downlink Control Channel for MTC”. From the simulation results submitted to this meeting, performance of the following aspects could be compared:
· Repetition / bundling.
· Channel estimation improvement techniques. 
· Maximum aggregation level of ePDCCH.
· Frequency hopping.
· DCI size reduction.
· Localised vs distributed ePDCCH.
· NC-PDCCH vs ePDCCH structure for normal coverage mode.
2. Summary of Findings
2.1 Required Number of Repetitions for 15dB Coverage Enhancement

The required number of repetitions for 15dB coverage enhancement depends on the additional coverage enhancement techniques that are applied to ePDCCH. 
Only some of the contributions directly stated the number of repetitions required to achieve 15dB coverage enhancement (either by directly stating the required number or providing simulation results that could be interpreted for number of repetitions required at -14.3dB SNR).

Table 1 summarises the results from which estimates of the number of repetition could be derived. The results are tabulated as a default for distributed ePDCCH occupying 4PRBs / 16eCCE. When results have also been provided for a 6PRB / 24eCCE distributed ePDDCH, a superscript is used to indicate this.
Table 1 – Number of repetitions of Physical Downlink Control Channel for MTC required to achieve 15dB coverage enhancement
	Company
	Contribution
	vanilla 4PRB
	chanest across subframes 
	chanest across subframe+PRBs
	FH + chanest across subframes
	NC-PDCCH

	Ericsson
	R1-150219
	> 501 

(extrapolate=> 150?)
	
	
	
	

	Qualcomm
	R1-151383
	> 32
	
	< 32(16eCCE)
	< 32
	

	Intel
	R1-151429
	250
	164 (16eCCE)
	
	< 128 (16eCCE)

64 (24eCCE)
	

	Sony
	R1-151780
	
	160(24eCCE)
	100(24eCCE)
	
	32


 Observations:
· An unmodified ePDCCH seems to require somewhere in the region of 150-250 repetitions to achieve the coverage enhancement target of 15dB. 
· Applying multiple improvements to ePDCCH (or using an NC-PDCCH structure) would lead to somewhere in the region of 32-64 repetitions being required to achieve the coverage enhancement target of 15dB.

2.2 Channel Estimation Improvement Techniques

Several companies provided results showing the benefits of improving the ability of the UE to perform channel estimation. Two methods of improving the ability to perform channel estimation were simulated:

· Applying the same precoding weight vector (per antenna port) in a PRB between a number of subframes

· Applying the same precoding weight vector (per antenna port) to a subset of the PRBs in a subframe

Contributions also considered the possibility of applying the above two channel estimation improvement techniques at the same time.

The benefits of these schemes were simulated in different scenarios. Table 2 lists a summary of the gains that were observed in the EPA channel.

Table 2 – SNR gain in EPA channel from channel estimation improvement techniques

	
	
	Channel estimation gain through maintaining same weight vector 

	Company
	Contribution
	across subframes
	across PRBs 
	across subframes and PRBs 

	Qualcomm
	R1-151383
	
	
	3.2dB

	Intel
	R1-151429
	1.2dB (4 subframe, 32 RL)
2.0dB (8 subframe, 32 RL)
	
	

	LGE
	R1-151488
	0.3/0.5dB (4 subframe, 10/20 RL)
1.0/1.2dB (8 subframe, 10/20 RL)
	1.0dB (2 PRB)
1.5dB (6 PRB)
	1.3dB (4 subframe, 2 PRB)
1.8dB (4 subframe, 6PRB)

	Sony
	R1-151780
	
	1.2dB (3 PRB)
	


Observations:

· Multiple subframe channel estimation leads to an SNR gain of 1-2dB.

· Multiple PRB channel estimation leads to an SNR gain of 1-1.5dB

· The gain from channel estimation improvement techniques may increase at lower SNR / higher repetition level

· Combined multi-subframe and multi-PRB channel estimation provides a combined gain of 2‑3dB.

2.3 Mapping to 24ECCEs
Several companies provided results on use of a higher aggregation level for ePDCCH than currently supported in Release-12. Specifically results were provided on mapping the ePDCCH to 24 ECCEs (in 6 PRBs), in comparison to the maximum Release-12 physical resource of 16 ECCEs (in 4 PRBs). Table 3 lists a summary of the gains obtained from mapping to 24 ECCEs.
Table 3 – SNR gain in EPA through mapping of ePDCCH to 24ECCEs (rather than 16 ECCEs)

	Company
	Contribution
	Gain from mapping to 24 ECCE (wrt 16 ECCE)

	Ericsson
	R1-150219
	1dB (for 50 repetitions of ePDCCH; gain lower for fewer repetitions)

	Intel
	R1-151429
	1.5dB (for 1 repetition of ePDCCH)

50% reduction in number of repetitions required to achieve 1%BLER (when cross subframe channel estimation and frequency hopping also applied)


Observations:

· Use of a higher (24eCCE) aggregation level for ePDCCH (in comparison to the current maximum 16 eCCE aggregation level) leads to an SNR gain of 1-1.5dB.

2.4 Frequency Hopping

In the simulations, frequency hopping was generally applied in addition to a “channel estimation improvement” technique. The gains from frequency hopping may be dependent on the frequency hopping scheme applied 
Table 4 – SNR gain in EPA through frequency hopping
	Company
	Contribution
	Hopping scheme
	Frequency hopping gain

	Qualcomm
	R1-151383
	16 subframes / hops are at band edges / BW = 10MHz
	1.2dB 

	Intel
	R1-151429
	2 subframes / hops are at band edges / BW = 10MHz
	approx. 50% reduction in number of repetitions

Note: <128 vs 202 ePDCCH repetitions required (with multi-SF channel estimation)

	LGE
	R1-151488
	4 subframes / BW = 10MHz

8 subframes / BW = 10MHz
	3dB (over 20 repetitions; multi-SF CE over 4 subframes)

2.3dB (over 20 repetitions; multi-SF CE over 4 subframes)


Observations:

· Frequency hopping provides a gain in the region of 1-3dB (or equivalently an approximate 50% reduction in the required number of repetitions).
· The frequency hopping gain depends on the frequency hopping period.

2.5 Smaller DCI sizes

Two sets of simulations compared the performance using different DCI sizes in an EPA channel. The performance gains from applying smaller DCI sizes are listed in Table 5.

Table 5 – SNR gain from smaller DCI size

	Company
	Contribution
	DCI sizes compared
	SNR gain

	Sony
	R1-151781
	8 bits, 21 bits
	2dB (in EPA and ETU channels)

	NTT DoCoMo
	R1-152051
	10 bits, 21 bits
	1dB (EPA)


Observations:

· A 50% reduction in the DCI payload size (21 bits -> 8 to 10 bits) leads to an SNR gain of 1-2dB. 

2.6 Localised vs Distributed ePDCCH

There were several contributions that considered localized ePDCCH in addition to distributed ePDCCH. The performance depended on whether feedback was available from the UE or not. Results are summarized in Table 6.

Table 6 – Performance of localized vs distributed ePDCCH
	Company
	Contribution
	Localised ePDCCH performance

	Intel
	R1-151429
	loss of 0.5 to 1.5dB with no CSI feedback

	NTT DoCoMo
	R1-152051
	Gain / loss depends on feedback delay

CSI delay (ms)
Gain / loss
5ms
2.5dB gain
50ms
0.5dB gain
100ms
2.0dB loss
200ms
>6dB loss



Observations:

· Unless there is frequent CSI feedback, localized ePDCCH performance is worse than distributed ePDCCH performance.

2.7 ePDCCH vs NC-PDCCH structure

There were several contributions that compared the performance of distributed ePDCCH and NC-PDCCH at aggregation levels of between 2 and 8 in the EPA channel in normal coverage. The results are summarized in Table 7.
Table 7 – ePDCCH vs NC-PDCCH performance in normal coverage for EPA channel
	Company
	Contribution
	NC-PDCCH vs distributed ePDCCH agg. level = 2-8

	LGE
	R1-151488
	1-2dB gain for NC-PDCCH

Note: gain reduces to 0.8dB – 1.5dB in MBSFN subframes

	Sony
	R1-151781
	2.5dB gain for NC-PDCCH 

	NTT DoCoMo
	R1-152051
	2dB gain for NC-PDCCH (agg level 8)

	Interdigital
	R1-152123
	1dB gain for 4CCE NC-PDCCH vs 8eCCE ePDCCH

2dB gain for 16eCCE ePDCCH vs 4CCE NC-PDCCH


The following results were also observed:

· The performance of the localized ePDCCH can be approximately 1.5dB – 2dB better than that of the NC-PDCCH (greater gain in MBSFN subframe than “normal” subframe) – R1-151488 [4]. Note: the performance of the localized ePDCCH is dependent on the CSI reporting rate (section 2.6); when CSI reports are infrequent, there may be no gain or a loss associated with localized ePDCCH.
Observations:
· At the same aggregation level, the performance of the NC-PDCCH is approximately 2dB better than that of the distributed ePDCCH

2.8 Frequency Offset Modelling

The frequency offset modelling varied from company to company. One company provided results that compared the effects of different frequency offsets. Table 8 lists the various models of frequency offset that were applied and any results that were obtained comparing the performance at different frequency offsets.

Table 8 – Frequency offset modelling

	Company
	Contribution
	Finding / observations / modelling

	Ericsson
	R1-151209
	The gain from repetition of the ePDCCH reduces as the frequency tracking error increases, according to the following table:

Frequency tracking error

dB gain with 50 ePDCCH repetitions

0Hz

15dB

50Hz

13dB

100Hz

10dB



	Qualcomm
	R1-151383
	Frequency tracking error not specified

	Intel
	R1-151429
	100Hz frequency tracking error

	LGE
	R1-151488
	100Hz frequency tracking error

	Sony
	R1-151780
	20Hz frequency tracking error

	NTT DoCoMo
	R1-152051
	100Hz frequency tracking error

	Interdigital
	R1-152123
	Frequency tracking error not specified


Observation:

The frequency offset modelling applied will affect the performance results. It may be worth re-visiting whether a 100Hz frequency tracking error is realistic when performing simulations in the future in the current WID.

3. Conclusion
This document has summarized the findings of the simulations performed on the Physical Downlink Control Channel for MTC for the RAN1#80bis meeting.
Table 9 (below) provides a summary of the gains that can be achieved by various techniques for improving the performance of the Physical Downlink Control Channel for MTC. The gains from the various techniques are probably cumulative, although there are likely to be some linkages between the techniques in terms of achievable performance gains. 

Table 9 – Summary of Gains Achieved by Various Techniques for Improving the Performance of the Physical Downlink Control Channel for MTC
	Technique
	SNR improvement

	Multi-subframe channel estimation
	1 to 2dB

	Multi-PRB channel estimation
	1 to 1.5dB

	24eCCE aggregation level
	1 to 1.5dB

	Frequency hopping
	1 to 3dB

	Smaller DCI size
	1 to 2dB

	Localised ePDCCH 
	loss, unless CSI feedback period <50ms

	NC-PDCCH structure (normal coverage)
	1 to 2.5dB


The baseline system from which these gains are calculated has the following characteristics:

· Distributed ePDCCH structure

· Single subframe, single PRB channel estimation

· 16 eCCE maximum aggregation level

· No frequency hopping; 10MHz system bandwidth

· 21 bits (37 bits including CRC) DCI size

4. References
[1] R1-151209 “EPDCCH link performance for MTC”. Ericsson.
[2] R1-151383 “Physical Downlink Control Channels”. Qualcomm Inc.
[3] R1-151429 “Coverage Enhancement for physical downlink channel for MTC”. Intel Corporation
[4] R1-151488 “Transmission schemes and evaluation of physical downlink control channel for MTC”. LG Electronics.
[5] R1-151780 “Physical Downlink Control Channel for MTC Operation in Enhanced Coverage”. Sony.
[6] R1-151781 “Simulation results for Physical Downlink Control Channel for MTC”. Sony.
[7] R1-152051 “Consideration on EPDCCH for low complexity MTC”. NTT DoCoMo Inc.
[8] R1-152123 “DL control channels for MTC UE”. Interdigital Communications.
 1

